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O^HHM H3 OCHOBHbIX MOp^OJIOrHHeCKHX KpHTepHeB BH^OBOH npHHa^Jie^KHOCTH Tpe- 
MaTO ji po^a Leucochloridium ABJiaeTCfl UBeT h xapaKTep OKpacKH OTpocTKOB cnopouncT. 
C uejitio npoBepKH oGteKTUBHOCTH 3toh oqeHKH 6biji npoBe^eH MOJieKyji^pHo-reHeTHHe- 
ckhh aHanH3 pflHK cnopouncT L. paradoxum Cams, 1835 (c 3eneHtiMH OTpocTKaMH) h 
L. perturbation Pojmanska, 1969 (c KopHHHeBbiMH OTpocTKaMH). 3apa)KeHHbie mojijiiockh 
Succinea sp., 6bijih coOpaHbi b panoHe noc. Bbipnua h r. JlioOaHH (JleHHHrpa^cKan o6jl). 
C noMombio cneqn4>HHecKHX npaHMepoB 6binn nojiyneHbi ni],P-npouyKTbi (JjpanvieHTa 
p^HK cnopouncT L. paradoxum (n = 18) h L. perturbatum (n = 10), BKHionaiomero BHyr- 
peHHue TpaHCKpuOnpyeMbie cnencepbi (ITS1 h ITS2), h nocneuoBaTejibHOCTn, Kounpyio- 
mne 5.8S pPHK h nacTHHHO 28S pPHK. HyKJieoTHflHbie nocneuoBaTejibHOCTH nccueuye- 
Moro yqacTKa pflHK OKa3ajincb nueHTHHHbiMH y cnopouncT o^HHaKOBOH OKpacKH. Me>K- 
jiy nocjie^oBaTejibHOCTflMH pflHK L. paradoxum h L. perturbatum BbiflBJieHbi pa3JiHHna b 
panoHe ITS1 h ITS2, cocTaBHBinne 2.6 h 6.7 % cooTBeTCTBeHHO. 

Rjifoueebie cjioea : Leucochloridium paradoxum , L. perturbatum , pflHK, TpeMaTOUbi, 
reHeTHHeCKHH nOJIHMOp<j)H3M, ITS. 


Ha TeppHTOpHH EBponbi Han6ojiee pacnpocTpaHeHbi 2 Bnua TpeMaTOu poua 
Leucochloridium — L. paradoxum Cams, 1835 n L. perturbatum Pojmanska, 
1969, otpoctkh cnopouncT KOTopbix HMeiOT cooTBeTCTBeHHO 3eneHyK) H KO- 
pHHHeByio OKpacKy. npn otom KOJinuecTBO, <|)OpMa n pa3Mepbi otpoctkob 
cnopou.ncT, a Taioice xapaKTep n HHTeHCHBHOCTb nx OKpacKH MoryT cyiuecT- 
BeHHO pa3JinnaTbCB (Pojmanska, 1962, 1967; Lewis, 1974, 1977; Bakke, 1980, 
1982). 

JSflu yTOHHeHHB TaKCOHOMnnecKoro CTaTyca paccMaTpnBaeMbix TpeMaTOu, a 
TaK^ce rim oueHKn ypoBHB BHyrpnBHuoBOH H3MeHUHBOCTH Bee nam,e ncnojib3y- 
iotcb MeTOUbi MoneKyjiBpHoro reHOTnnnpoBaHHfl (Simpson et al., 1993; Ald- 
houn et al., 2009; Brant, Loker, 2009). B HameM nccjieuoBaHHn 6buin ncnojib- 
30BaHbi cnopou.ncTbi poua Leucochloridium c 3ejieHbiMH n KopnuHeBbiMn OTpo- 
CTKaMH. Bee mojijhockh Succinea sp., 3apaaceHHbie othmh uByivni (JmpiviaMH, 
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6 biJiH co 6 paHbi Ha TeppHTOpHH JleHHHrpa^CKOH o6ji. B KanecTBe reHoranHHe- 
CKoro MapKepa 6 biJi Hcnojib 3 oeaH ynacTOK p,3,HK, KOOTpyiomnH 5.8S pPHK, 
nacTHHHO 28S pPHK h 06a BHyTpeHHHx TpaHCKpH 6 npyeMbix cneftcepa (ITS1 h 
ITS2). 


MATEPHAJI H METOflHKA 

Mojijik)ckh Succinea sp., 3apa^ceHHbieZ. paradoxum Cams, 1835 (n = 18) h 
L. perturbatwn Pojmanska, 1969 (n = 10) Gbijih co6paHbi b paftoHe noc. Bbipn- 
u,a h r. Jlio6aHb JleHHHrpa^CKoii o 6 ji. J\jix Bbi^ejieHHfl xpomocomhoh J\ HK Tpe- 
MaTOA H3 MOJIJHOCKOB, CoGpaHHbIX B BblpHIje, 6bIJlH H3BJieHeHbI 10 CnOpOU,HCT 

C 3eneHbIMH OTpOCTKaMH H 8 - C KOpHHHeBbIMH, H3 C06paHHbIX B JlK)6aHH- 8 

C 3eJieHbIMH H 2 CnOpOLJHCTbl C KOpHHHeBbIMH OTpOCTKaMH. 

BbmejieHHe xpomocomhoh HK ocymecTBJiajiH nyTeM OKCTpaKUHH (J)eHO- 

JIOM-XJIOpO(|)OpMOM H3 fl,Zjep, OHHmeHHbIX npH UeHTpH(J)yrHpOBaHHH nepe3 ca- 
xap03HyK) «no ( aymKy» no CTaH^apTHOH MeTO^mce (Maniatis et al., 1989). 

Cneu,H(J)HHecKHe npaiiMepbi jxjik aMnjiH<])HKau;HH pAHK no^GHpajiH c no- 
Mombio nporpaMMbi Gene Runner 3.0 (http://www.generunner.com) no no- 
cjie^OBaTejibHOCTH AY258145.1 (Casey et al., 2003), npeACTaBJieHHon b 6a3e 
^aHHbix Gene Bank (http://www.ncbi.nlm.nih.gov). JSjin no,a6opa npaHMepOB 
Hcnojib30Bajin ynacTOK p/I,HK, BKJHonaiomHH HyKJieoTH^Hbie nocjie^OBaTejib- 
hocth BHyTpeHHHx TpaHCKpnGHpyeMbix cneiicepOB (ITS1 h ITS2) h nocjie^o- 
BaTejibHOCTH, Ko^npytomne 5.8S pPHK h nacTHHHO 28S pPHK (pnc. 1—3). 

AMnjiH(J)HKauiHK) yKa3aHHoro ynacraa p/],HK ocymecTBJuuiH MeTO^OM no- 
jiHMepa3Hon uenHOH peaKunn no CTaH^apTHoii MeTO^HKe (Maniatis et al., 1989) 
c yneTOM TeMnepaTypbi OT^cnra cneu;H(J)HHecKHx npaifMepOB (cm. TaSjmuy). 

3jieKTpo(J)opeTHHecKHH aHanH3 nU,P-(J)parMeHTOB p/],HK ocymecTBjnum b 
arap03H0M rejie no CTaH^apTHOH MeTO^HKe (Maniatis et al., 1989). CeKBeHHpo- 
BaHHe o6pa3u,OB nojiyneHHbix nU,P-npo,zjyKTOB BbinojiHeHO b (JrnpMe «Chhtoji» 
(r. MocKBa). JSfln ycTaHOBJieHHfl tomojiothh HyKJieoTH^Hbix nocjie^OBaTejibHO- 
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Phc. 1. OpraHH3aqHfl TpaHCKpHnttHOHHofi eflHHHijbi p^,HK. 

Ll h L2 — npsMofl h o6paTHbiH npafiMepbi jywsi aMnmnfiHKauHH (jjparMeHTa p.U.HK, co^epuKaiijero BHyTpeHHHe 
TpaHCKpnGHpyeMbie cneficepbi (ITSl h ITS2), a Taioice nocne^oBaTejibHOCTH, Ko^npyiomne 5.8S n nacTnnHo 

28S pPHK. 

Fig. I. The structure of rDNA locus. 
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Phc. 2. 3jieKTpo(J>operpaMMa mtP-npoqyKTOB, nojiyueHHbix Ha p/JHK ot otpoctkob cnopoqncT 

Leucochloridium spp. 

I —5 — L. paradoxum Cams, 1835; 6—16 — L. perturbation Pojmanska, 1969. M — Mapicep MOJieKyjiapHoro 

pa3Mepa. 

Fig. 2. Agarose gel electrophoresis of PCR products using Leucochloridium spp. rDNA region spe¬ 
cific primers. 

CTefl Hcnonb30BajiH nporpaMMy BLAST Ha cepeepe NCBI. MHO)*cecTBeHHoe 
BbipaBHHBaHne nocjieqoBaTejibHOCTen HyKJieoTnqoB b ceKBeHorpaMMax h aHa- 
jih 3 xpoMaTorpaMM ceKBeHaTopa BbinojiHfljin c Hcnojib30BaHneM nporpaMMbi 
BioEdit (http://www.mbio.ncsu.edu). 

PE3YJII>TATI>I H OECYHCflEHHE 

Ha Bcex 28 MaTpmjax flHK, BbiqejieHHbix H3 otpoctkob cnopomncT, b peaK- 
u,nax aMnjiH4>HKau,HH c Hcnoub30BaHHbiMH cneu,H(|)HuecKHMH npaiiMepaMH 
GbiJiH nouyueHbi nLJP-npoqyKTbi flHK, pa3Mepbi KOTopbix HaxoAflTca b qnana- 
30He pacueTHOH ajxhhbi — 921 n. h. (cm. TaGunuy). 

nojiyueHHbie HyKJieoTHAHbie nocjieqOBaTejibHOCTn cpaBHHBajin MOKqy co¬ 
don h c aHHOTHpOBaHHbiMH b GeneBank nocjieqoBaTejibHOCTflMH p/JHK 
(AY258145.1, JF346883.1, JF274482.1) c noMonjbio nporpaMMbi BioEdit. 

ConocTaBJieHne HyKJieoTHAHbix nocjieqoBaTejibHOCTen nojiyueHHbix ntJP- 
npoqyKTOB c nocjieqoBaTejibHOCTbK) H3 GeneBank, no KOTopon ocymecTBiniJi- 
c a ( zfH3anH npaiiMepoB (AY258145) noKa3auo 96%-Hyio roMOJiormo c hum. 
3to yKa3biBaeT Ha cooTBeTCTBne nouyueHHoro nLJP-npoqyKTa nccjieqyeMOMy 
yuacTKy p/JHK. 

OparMeHTbi p/JHK cnopou.ncT poqa Leucochloridium oqnHaKOBon OKpacKH 
0Ka3auncb HAeHTHHHbiMH MOKqy codon. To ecTb, Bee 18 ceKBeHorpaMM «3eue- 
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L. paradoxu 
L. perturda 


•... J.... I .... I.... I -I....I .... I.... I 

5 15 25 35 45 55 65 

ZAATCTACCA GTCATGCTTA GAGCGACAGG ATAGTACTGT GTACAACACT GTGCTAGGCT CAAAGAGM# 

ZAATCTACCA GTCATGCTTG GAGCGACAGG ATAGTACTGT GTACAACACT GTGCTAGGCT CAAAGAGWW 


-|-| -|-| -|-1 -|-| -l- \ -J-1 -| 

75 85 95 105 

■GCAGGACTA CGGACCGGCT CCCGCCTCAT TTGTTGTT1T 
■GCAGGACTA CGGACCGGCT CCCGCCTCAT TTGTTGTT1IA 


. I .... I • ... I .... I . ... I .... I ....l....; . ... I .... I . . . • I ■ 

Ill 155 1M fli 185 195 1 05 


MCTAAATTA 

GATTTAATTC 

TGATTTTGTT 

AGTTBlAJAft 

TGGCATGCAC 

CTGATTGCTA 

GTCAATTS” 

HBCTAAATTA 

GATTTAATTC 

TGATTTTGTT 

AGTTB•CSTB 

TGGCATGCAC 

CTGATTGCTA 

GTCAATTB5ft 

215 

225 

235 

245 

255 

265 

....I....I 

275_ 

GTGCATGTGA 

CGATCGCCTA 

GCGGTGCCTT 

ATCCTAGGCT 

CGATCGGTAA 

ATCGAAATGT 

TTGTTTTCA1 

BTGCATGTGA 

CGATCGCCTA 

GCGGTGCCTT 

ATCCTAGGCT 

CGATCGGTAA 

ATCGAAATGT 

TTGTTTTCAS 


115 125 135 

■■AATTACT ATTATTACAC TGTTTAAGC1 
MTAATTACT ATTATTACAC TGTTTAAGC1 


-|-| -I-| -l-| -|-| l-| - \ -I -1-| 

285 295 305 315 325 335 345 

TAATTT- -AATGAAACA AATATTGTAC AACTTTAAGC GGTGGATCAC TCGGCTCGTG TGTCGATGAA 

TAATTTTCAT TAATGAAACA AATATTGTAC AACTTTAAGC GGTGGATCAC TCGGCTCGTG TGTCGATGAA 

-|-| -|-| l-| -|-| l-| -|-| 1-| 

355 365 375 385 395 405 415 

GAGTGCAGCC AACTGTGTGA ATTAATGTGA ACTGCATACT GCTTTGAACA TCGACCTCTT GAACGCATAT 
GAGTGCAGCC AACTGTGTGA ATTAATGTGA ACTGCATACT GCTTTGAACA TCGACCTCTT GAACGCATAT 

-I-l -l-I -l-I -I-I -I-l -j-l -I-| 

425 435 445 455 465 475 485 

TGCGGCCACG GGATATCCTG TGGCCACGCC TGGCCGAGGG TCGGCTTATA AACTATCACG ATGCCCAAAA 
TGCGGCCACG GGATATCCTG TGGCCACGCC TGGCCGAGGG TCGGCTTATA AACTATCACG ATGCCCAAAA 

-I-I -I-I -l-l -I-I -l-l -J-l -I-I 

4 95 505 515 525 535 545 555 

■GTCGTGGffiT TGGATGCTGT GCCAGCTGGC ATGATTTCCT IT M TGTAGTA TTTAAS-ATACAAACA1 

MTCGTGGAT TGGATGCTGT GCCAGCTGGC ATGATTTCCT IC M TGTAGTA TTTAASTAATI ATACTAACAS 

. ... I .... I . ... I .... I ....I....I . ... I .... I . ... I .... I 

565 575 5 85 595 605 615 62 5 

■TGAGGTGCC AGATCTATGG CTCU3ICCTA ATGTATCCGG TTACAGCCAA GTCTATATTT ATTAS MIAS 
■TGAGGTGCC AGATCTATGG CTKAiCCTA ATGTATCCGG TTACAGCCAA GTCTATATTT ATTA1 1 —fBAS 

.... I .... I -I-I -I-I -I .... I -I-I -I ....l -I-I 

63 L 645_ 655 665 67 5 685 695 

1AAAJGA-■ JAATTGCTGTaI - -j-1 IGGATT ATGCTCAGGT CGTGGCTCAA TGATTTTGAA CACGCTTGA3 

■AAA'JGZTM AATTGCTGTA I T^C I GGAI'T ATGCTCAGGT CGTGGCTCAA TGATTTTGAA CACGCTTGAS 

-I-I .... [-I -1-I -l-l -l-l • ... I .... i -I-I 

705 715 725 735 745 755 765 

GTTATAATT- '-■ATAT--«u l -MATAAATA TAGACATTGG ATTATTTTGT AGCCGAGGGA GTGTAAATAC 
GTTATAATCC PTATATTAAT TATATAAATA TAGACATTGG ATTATTTTGT AGCCGATGGA GTGTAAATAC 

-I-I -I-I -1-I -I-I -l-I -J- \ -I-I 

785 795 805 815 825 835 

TCTATAATTT X G GGTAATATT■ATTGATT TAT; ATGATACCCT ACATTATATA TATTATGACC CTAGACCTCT 
TCTATAATATJGGGTAAT-TIlATTGATTTATl ATGATACCCT ACATTATATA TATTATGACC CTAGACCTCT 

-I-I -I-I -l-I -I-I -l-I -J-1 -I-I 

845 855 865 875 885 895 905 

GATCAGATAT G- 

GATCAGATAT G- 


Phc. 3. CpaBHeHHe HyKJieoTHjjHMX nocire^oBaTeJiLHOCTe h pflHK cnopoqHCT TpeMaToji pojja Leu- 
cochloridium aejieHOH h KoptumeBOH OKpacKH. 

BbmeneHM nocne^oBaTeubHocTH BHyTpeHHHX TpaHCKpH6HpyeMux cnencepoB (ITSl; ITS2). yfCnpHUM iupHc|)TOM 
BbmeneHbi pacxo^KaeHHfl b HyKneoTH^Hbix nocne,ziOBaTejibHOCTflx. Mncjia Ha^ cpaBHHBaeMbiMH nocne,aoBaTejib- 
hoctsmh HyKneoTH^oB yKa3biBaioT Ha no3HU(HH HyKneoTH^OB b Hccne^yeMbix ceKBeHorpaMMax-npoTOKonax. 

Fig. 3. Schematic representation showing the alignment of rDNA sequences from Leucochloridi- 
um spp. trematodes with green and brown sporocysts broodsacs. 
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Cneijii(})HqecKHe npaiiMepbi, 

no^o6paHHbie /jjiji aHajiH3a p/JHK TpeMaTO# po/ja Leucochloridium 
Species-specific primers used for Leucochloridium sp. trematodes rDNA analysis 





PacqeTHbin 


06 o 3 HaqeHne 

npaiiMepa 

HyKJieoTH^Hafl nocnenoBaTejibHOCTb 

KoOp^HHaTbl 

pa 3 Mep 

npo^yKTa 

T°C 

OT)Kiira 




(n. h.) 


LI 

5' ATGCTCTG ATGGTATGCTCGTAG3' 

225—247 

921 

62 

L2 

5' TTTCCTCCGCTTAGTGATATGC3' 

112—1145 




hmx» o6pa3u,OB roMOJiornHHM Ha 100 %, h Bee 10 «KOpHHHeBbix» a6cojiK)THO 
H^eHTHHHbl Me^y coGoh. 

Me>K^y nocne^OBaTejibHOCTHMH HyKJieoTH^OB niJP-npOAyKTOB, nojiyneH- 
hhx Ha JIUK cnopouiHCT pa3Hoii OKpacKH, BbiflBJieHbi pa3JiHHH>i b paSoHe ITS 1 
h ITS2, cocTaBHBiiiHe 2.6 h 6.7 % cooTBeTCTBeHHO. riocne^OBaTejibHOCTH, ko- 
AHpyK)in,He 5.8S pPHK, KOTOpbie pacnojiO)KeHbi ueyKjiy o6ohmh yuacTicaMH 
ITS1 h ITS2, KaK h Hanajio nocjie^OBaTejibHOCTeH reHa 28S PHK, pacnojio- 
^ceHHoro cpa3y 3a ITS2, roMOJiorHHHbi Ha 100 %. 

06e nocne^OBaTeubHOCTH, npeacTaBJunomHe ynacTKH p/],HK L. paradoxum 
h L. perturbatum aHHOTHpOBaHbi b GeneBank non HOMepaMH JN639012.1 
(http://www.ncbi.nlm.nih.gOv/nuccore/JN639012.l) h JN639011.1 (http:// 
www.ncbi.nlm.nih.gov/ nuccore/JN639011.1) cooTBeTCTBeHHO. 

nojiyueHHbie reHOTHnHnecKHe pa3JiHHHfl no^TBep^aiOT npaBOMepHOCTb 
HCn0Jlb30BaHHfl B KaneCTBe MOp(|)OJIOrHHeCKOrO KpHTepHfl OKpaCKH OTpOCTKOB 
cnopouHCT npH onpe^ejieHHH bh^ob po,zta Leucochloridium. B HameM cjiyuae 
3ejieHan OKpacKa xapaKTepHa jxnn cnopouHCT L. paradoxum (Pojmanska, 1967), 
a KOpHHHeBaa — rjik L. perturbatum (Casey et al., 2003). 

B 2003 r. b EBpone noztoGHoe HCCJie^OBaHHe bbi^bhjio pa3JiHHHe ueyKjxy no- 
CJie^OBaTeJlbHOCT>IMH cnopouHCT pa3HOH OKpacKH, CoSpaHHbIX Ha TeppHTOpHH 
aHHH, riojibiiiH h HopBeran, cocTaBHBmee 6.8 %. Pacxo>KAeHHfl HaGmo^a- 
jiHCb TOJibKO b o6jiacT5ix ITS1 h ITS2 (Casey et al., 2003). npe^CTaBJieHHbie b 
6a3e ^aHHbix GeneBank HyKJieoTH^Hbie nocue^OBaTejibHOCTH p/],HK L. para¬ 
doxum h L. perturbatum , coGpaHHbix b Flojibme (Rzad et al., 2011), nojiHOCTbio 
coBna^aK)T c nojiyueHHbiMH b Hamefi paGoTe nocne^OBaTenbHOcraMH ynacTica 
pflHK. 
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MOLECULAR GENETIC ANALYSIS OF TREMATODES 
OF THE GENUS LEUCOCHLORIDIUM DWELLING IN THE TERRITORY 
OF LENINGRAD PROVINCE 

A. A. Zhukova, E. E. Prokhorova, N. V. Tsymbalenko, A. S. Tokmakova, G. L. Ataev 

Key words : Leucochloridium paradoxum , Leucochloridium perturbatum , rDNA, Tremato¬ 
da, genetic polymorphism, ITS. 


SUMMARY 

The color of the broodsac sporocyst traditionally serves as the main taxonomic criteri¬ 
on for distinguishing of trematodes of the genus Leucochloridium . Broodsacs of L. para¬ 
doxum (Cams, 1835) are green, while broodsacs of L. perturbation (Pojmanska, 1969) are 
brown. We used molecular genetic analysis of sporocyst rDNA for verifying the accuracy 
of the mentioned morphological criteria. Trematode infected snails Succinea sp. were col¬ 
lected in Vyritsa and Lyuban (Leningrad Province, Russia). Nucleotide sequences of 
L. paradoxum (n = 18) and L. perturbatum (n = 10) rDNA including transcribed spacers 
(ITS1 and ITS2) and 5.8 S rRNA gene were received. rDNA fragments of Leucochloridi¬ 
um sp. sporocysts of the same color were identical. The difference in the ITS1 (2.6 %) and 
ITS2 (6.7 %) between sequences of L. paradoxum and L. perturbatum was revealed. Spe¬ 
cific nucleotide sequences are deposited at the GeneBank. 
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